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We propose a new analysis method of harmonic wave components of magnetic fields in rotating machinery. First, the transient analysis of nonlinear magnetic field is excuted taking into account an eddy current field by using the finite element method. The field on the sliding surface is expanded into a number of harmonic wave components. Figures 1 and 2 indicate the transient behaviors of the amplitudes and phases of the harmonic waves on the sliding surface. The amplitude of the 1 st mode is very large (11.43 ± 0.09 mWb) and so is not shown in Fig. 1 . The 1 st mode is a fundamental one of the rotating machinery which is followed by the harmonic waves of odd number mode, while the harmonic waves of even number mode are not synchronized with the fundamental mode.
In the next process, the magnetic permeability obtained by the transient analysis is embedded on all the magnetic finite elements in the FEM analysis, and the harmonic wave components are set on the sliding surface as the boundary condition. All magnetomotive force of permanent magnets and coil currents is switched off, and individual fields on the harmonic wave boundary condition are analysed taking into account eddy current fields for the rotor and stator spaces. For the robust analysis, the eddy current term should be added to the right hand side source term with iterative calculations. Figure 3 shows the magnetic flux lines and magnet eddy current density of the 2nd mode at 691st step. On the other hand, all magnetomotive force is switched on, and the source mode field is analysed under the boundary condition of zero field on the sliding surface. The sum magnetic field of the harmonic modes and the source mode agree well with the original transient field. The fields of source mode and the harmonic modes are visualized in animation style showing the transient behaviors.
The field analysis requires only linear magnetic field analysis, and therefore the cpu time of the harmonic mode analysis is only 10-20 times longer than that of the original transient wave analysis despite computing a large number of calculations for rotor and stator spaces. Figure 4 shows the time-averaged eddy current loss for the conventional transient analysis (A), the loss obtained by the sum field of the source mode and 0-30 harmonic wave modes (B), the sum of the losses of the source mode and 0-30 harmonic wave modes (C), and the loss of the source mode and the harmonic wave mode(S, 0, 1, 2, 3,. . . , 10). The value of (B) has approximately the same value as (A). However, the value of (C) is 1.6 times larger than the value of (A) because all the negative effects of the coupling terms between the harmonic waves are neglected. But, the eddy current losses of the harmonic waves can be used as indicators to compare the relative effects to eddy current field.
The mode separation of magnetic field will contribute to the study of reducing the harmful harmonic wave components for the rotating machinery. We propose a new analysis method of harmonic wave components of magnetic fields in rotating machinery. Using the magnetic permeability obtained by the transient analysis of nonlinear magnetic field, the harmonic wave components of the magnetic field are individually calculated both in the spaces of rotor and stator under the boundary condition that the harmonic wave components obtained by the transient analysis are set on the sliding surface. The mode separation of magnetic field will contribute to the study of reducing the harmful harmonic wave components for the rotating machinery.
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A A Fig. 1 . Flow chart of the presented modal field analysis.
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